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BML volume, axial PDW FS (TR 1500ms, TE 15ms, FoV 14cm, 256256) and
sagittal (3D WATSc: TR 20ms TE 7.7ms, FoV 15cm, 288288) scans were
obtained. Using the axial scan, manual segmentation of BML volumes in the
whole knee was performed by a single observer using a strategy outlined
(OARSI 2010) by MacLure et al. Test-retest repeatability was assessed by one
observer separately segmenting 24 MRI images from 6 knees. Using the
standard deviation of the difference between repeated measurements to
calculate Bland Altman limits of agreement as an indicator of measurement
error, we determined how much BML volume change represented a change
greater than expected based onmeasurement error. Test-retest reliability was
good (ICC ¼ 0.89; 95% CI 0.80 to 0.97). The Bland-Altman 95% limits of
agreement for rating differences, assuming a zero-differencemean (no change
in BML volume) were -870mm3 to +870mm3.
Results: 26 subjects who took part in the study were included in this
analysis. Their mean age was 63.5 (SD 9.4) years and 13 were female
(50.0%). The average time between baseline and follow up scan was 10.4
days (SD 3.2 days, range 5 to 16 days). 14 subjects had BMLs at the baseline
visit, and were the focus of our analysis (median volume ¼ 1,095mm3; IQR
225mm3 to 3,611mm3). At follow up, the median volume was 1,394mm3
(IQR 187mm3 to 2,219mm3). The median change in BML volume for these
14 individuals was -119mm3 (95% CI for median change -540mm3 to
+470mm3). Five (35.7%) subjects had a change in BML volume greater than
that which would be expected based on the observed measurement error;
twowith higher, and three with lower volume than at baseline. Nine of the
14 participants with BMLs at baseline had changes in BMLs at follow up
greater than 50%; Of these, four participants had an increase of greater
than 50%, and ﬁve a decrease of greater than 50%. The 12 participants with
no BMLs at baseline had no BMLs at their follow up visit.
Conclusion: In this small sample of subjects with knee OA approximately
one third of those with BMLs showed evidence of BML volume change
within 16 days. Although we studied only a limited number of subjects,
MRIs were obtained before and after steroid injections and we could not
detect a clearcut treatment signal.
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A RAPID, NOVEL METHOD OF VOLUMETRIC ASSESSMENT OF MRI-
DETECTED SUBCHONDRAL BONE MARROW LESIONS IN KNEE
OSTEOARTHRITIS IS COMPARABLE TO WORMS: PRELIMINARY
VALIDATION
C. Ratzlaff 1, T. Iranpour-Boroujeni 1, J. Collins 1, J. Katz 1, E. Losina 1,
C. Vanwyngaarden 2, A. Guermazi 3, J. Duryea 1. 1Brigham and Women's
Hosp., Boston, MA, USA; 2 Peace Arch Hosp., White Rock, BC, Canada;
3Boston Univ. Sch. of Med., Boston, MA, USA
Purpose: Subchondral bone marrow lesions (BML) are a potentially
important imaging biomarker for knee osteoarthritis (OA). Imaging
methods that rapidly, economically and accurately detect and measure
BML are important in large OA trials and observational studies. Current
manual semi-quantitative methods are time-consuming and based on an
ordinal scoring system. We present a semi-automated method to measure
BML volume quantitatively based on a gray-scale thresholding algorithm.
We compare this method with BML assessment from the Whole-Organ
Magnetic Resonance Imaging Score (WORMS).
Methods: Twenty subjects from the baseline data of the OAI Progression
Cohort (Image Releases 0.B.1, 1.B.1) were randomly selected from the 115
whose knees had been WORMS-scored by OAI central imaging. Inclusion
criteria was a baseline KL grade of 3. One subject was excluded due to
susceptibility artifacts that obscured the distal femur. Sagittal turbo spin
echo fat saturated (TSE FS) (0.357 x 0.357 x 3.0 mm, TR 3200ms, TE 30ms)
intermediate-weighted MRI were obtained on a 3-T Siemens Trio MR
system. A reader (CR) used semi-automated software to segment the sub-
chondral BMLs in the distal femur. The software applies a grayscale
thresholding algorithm to the raw image (Figure 1a-c) and provides the
readerwith regions for potential segmentation. Reader judgment is used to
select, usually with 1 or 2 mouse clicks, the clinically appropriate region(s)
of BML adjacent to subchondral bone and to reject irrelevant areas.
Analysis. The primary outcome was total segmented volume of BMLs in
the femoral medial and lateral compartments, based on number of voxels
highlighted. Comparison of lateral femoral BML volume was made withpublic-release WORMS scoring for the lateral femoral sub-regions (ante-
rior, central, posterior). WORMS reports BML in 4 categories based on size
of BML relative to the total sub-region (0-no BML, 1-<25%, 2-25-50%,
3->50%). An identical procedure was carried out in the medial femoral
compartment. Raw data are presented in scatter plots showing measured
volumes in each WORMS category. Spearman's correlation and the Krus-
kall-Wallis test were used to assess association between the two methods.
Results: A scatter plot showing BML volumes in the lateral femoral
compartment against WORMS categories is shown in Figure 2.
The softwaremethod required an average of< 4minutes per knee. Themean
(SD) of BML volumewas429.7mm3 (593.4) and 132.1mm3 (224.3) for lateral
and medial compartment respectively. Signiﬁcant positive associations
between the new volumetric measure andWORMS score were found in the
lateral anterior, medial posterior, and medial central compartments. The
correlation between volume and WORMS score by femoral compartment
was 0.91 (p<.001) in the lateral anterior, 0.54 (p¼0.01) in the medial
posterior, and 0.57 (p¼0.01) in the medial central. The lateral posterior and
lateral central compartments had few BMLs (WORMS 1, 2, and 3 each had
only one subject), limiting ability to assess association.
Conclusions: We have documented a fast, semi-automated software
method to segment BML in knee OA subjects using TSE FS MRI that could
potentially be a surrogate for WORMS scoring. This technique has the
potential to provide a quantitative measure of BML rapidly and accurately -
making it feasible to assess a large number of knees in a short period of
time (days). This could substantially reduce study costs for large trials and
cohorts such as the OAI. Further work on rater reliability, and using a larger
sample and longitudinal data is under way.
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THREE-DIMENSIONAL DISTRIBUTION OF ARTICULAR CARTILAGE
THICKNESS IN THE ELDERLY TALUS AND CALCANEUS ANALYSING THE
RELATIONSHIP BETWEEN SUBCHONDRAL BONE PLATE DENSITY AND
THE OVERLYING CARTILAGE THICKNESS
K. Akiyama 1, T. Sakai 2, N. Sugimoto 3, H. Yoshikawa 2, K. Sugamoto 1. 1Dept.
of Orthopaedic Biomaterial Sci., Osaka Univ. Graduate Sch. of Med., Suita,
Osaka, Japan; 2Dept. of Orthopaedic Surgery, Osaka Univ. Graduate Sch. of
Med., Suita, Osaka, Japan; 3 Sugimoto Data Analysis Service, Nagoya, Japan
Purpose: In human locomotion, the ankle and subtalar joint have an
important role in the complex biomechanics of the hindfoot; however,
there is little information regarding the three-dimensional (3D) distribu-
tion of cartilage thickness in elderly ankle or subtalar joints. The purpose of
the present study was to unveil 3D distribution of talocrural and posterior
subtalar articular cartilage thickness in the elderly cadavers using 3Dcomputed tomography (CT) and a 3D-digitizer and to evaluate the rela-
tionship between cartilage thickness and the underlying subchondral bone
plate density.
Methods: Sixteen tali and 16 calcanei from 8 cadavers (7 women, 1 man;
mean ages 89 years) were scannedwith 3D-CT (SOMATOM Spirit, Siemens,
Erlangen, Germany) to create bone surface models, and with a contact-
type 3D-digitizer (Cyclone, Renishaw, New Mills, UK) to make cartilage
surface models. These two surface models were then merged using surface
registration method. Articular cartilage thickness was evaluated as the
distance between the 2 models, and the distribution was mapped. The
intra- and inter-articular comparisons were performed with generalized
estimating equations (GEE) followed by a post hoc Bonferroni multiple
comparison test. The anatomic cartilage thickness of 5 tali and 5 calcanei
was compared with the distance between the cartilage and bone surface
models to calculate optimum threshold for extracting the subchondral
bone plate from CT images. When using the optimum threshold for 5 tali
and 5 calcanei, the mean measurement errors were calculated with GEE.
Canonical correlation analysis was performed to determine the strength of
association between subchondral bone plate density and the overlying
anatomic cartilage thickness in the talocrural and talar-subtalar joint.
Statistical signiﬁcance was accepted for p values of <0.05.
Results: Mean cartilage thickness was 0.820.12 mm in the talocrural
joint, 0.980.16 mm in the talar-subtalar joint, and 0.750.12 mm in the
calcaneal-subtalar joint. The subtalar articular cartilage of the talus tended
to be the thickest cartilage of the three joints. In the talocrural joint, the
anterior region was the thinnest, and increasing cartilage thickness was
seen toward the posterior. In the subtalar joint of the talus, the central
region was the thickest while in that of the calcaneus, the cartilage
thickness was more uniform. The optimum threshold for the talocrural,
talar-subtalar, and calcaneal-subtalar joints were 439 Hounsﬁeld units
(HU), 532 HU, and 480 HU, respectively. Mean measurement errors were
0.0590.066 mm, 0.0380.040 mm, and 0.0180.065 mm in the taloc-
rural, talar-subtalar, and calcaneal-subtalar joints, respectively. The
canonical correlation coefﬁcient was 0.995 (p<0.001).
Conclusions:The present study determined the 3D distribution of articular
cartilage thickness in the talocrural joint of the talus, the posterior subtalar
joint of the talus, and that of the calcaneus in the elderly cadavers, and also
showed the statistically signiﬁcant correlation between subchondral bone
plate density and the overlying cartilage thickness. These ﬁndings on the
relationship between subchondral bone plate density and the overlying
cartilage thickness in the elderly specimens may lend deeper insight into
the coupling of cartilage morphology and joint loading, which will assist
clinicians in obtaining a better understanding of the ankle and subtalar
joint and some of their disorders. Besides, accurate knowledge of the 3D
cartilage thickness distribution representing the underlying subchondral
bone density can help to understand the delicate structures of subchondral
bone and to optimize the prosthetic implant design which warrants the
resistance to weight-bearing in the ankle.
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DOES RADIOLOGICAL SEVERITY OF KNEE OSTEOARTHRITIS INFLUENCE
OUTCOMES OF AXIAL RADIOGRAPHY OF THE DISTAL FEMUR?
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T. Ideno 1, T. Saito 2. 1 Yokohama City Univ. Med. Ctr., Yokohama, Kanagawa,
Japan; 2Yokohama City Univ. Graduate Sch. of Med., Yokohama, Kanagawa,
Japan
Purpose: Rotational alignment of the femoral component for total knee
arthroplasty (TKA) is an important factor to form the proper ﬂexion gap
and balance. Axial radiography of the distal femur is used for measuring
the twist angle (i.e. the angle between the clinical epicondylar axis and the
posterior condylar axis), and assessing rotational alignment in TKA. The
aim of the study was to compare the twist angle of axial radiography with
that of computed tomography and to investigate that the radiological
severity of osteoarthritis inﬂuence results of axial radiography.
Methods: Axial radiography of the distal femur and computed tomography
images were obtained of 105 knees in 54 patients (4 males, 50 females)
having total knee or hip arthroplasty between December 2010 and October
2011. Based on the severity of knee osteoarthritis by anteroposterior
radiographs of the lower extremity in a standing, weight- bearing position,
